: Data analysis routine. Figure A1 shows the data analysis routine programmed in Wavemetrics IGOR Pro:
1. Import data: Resonance spectra stored as binary files are imported.
Automatic peak identification:
The peaks are automatically detected in an amplitude spectrum recorded far from the surface. The peak positions and peak widths are assigned as initial parameters for the fit in step 4.
3. Define fit range / exclusion of spectra: The fit range can be limited using two sliders (gray areas). Spurious spectra recorded in contact with the cantilever can be excluded from fitting.
Data fitting:
The model describing the phase response (Equation 4 in main text) is fitted to the data using a Levenberg-Marquardt algorithm resulting in the eigenfrequency f n and quality factor Q n for each mode n.
Data alignment:
The data of the fundamental mode (n = 1) is fitted to the model of Tung et al. 
Data on 300 µm x 35 µm x 2 µm and 350 µm x 35 µm x 2 µm microcantilevers
In addition to the data shown in the manuscript (250 µm x 35 µm x 2 µm cantilevers), the behavior of two longer cantilevers was determined. The dimensions and calculated spring constants [2] of all employed cantilevers are provided in Table A1 .
Amplitude and phase spectra at different cantilever-surface gaps g are shown in Figure A2 . Due to the lower spring constants of the longer cantilevers the spacing between the vibrational modes is smaller (compare to Figure 2 ). This allowed vibrational modes up to mode 5 (300 µm x 35 µm x 2 µm) and mode 6 (350 µm x 35 µm x 2 µm) to be detected. Higher modes were beyond the frequency bandwidth of the employed optical beam deflection system. In general, the data obtained using the longer cantilevers are more distorted compared to those obtained using 250 µm long cantilevers (main manuscript, Figures 2 and 4).
We attribute this to the higher modal overlap in the spectra recorded at small gaps between the cantilever and the approaching surface. The increased overlap is due to the lower spring constants of the longer cantilevers. Furthermore, due to the lower modal frequencies of these cantilevers, the fundamental mode resonance peak is clipped by the lower frequency limit of the employed detection electronics. This leads to inaccuracies in the extracted eigenfrequencies and quality factors for the As shown in Figure A5 , the characteristic gap, a measure of the range of squeeze-film damping, was calculated normalized to the second mode of vibration for the longer cantilevers. This does not allow quantitative comparison to the data in Figure 6 , which is aligned to the fundamental mode. However, qualitative comparison shows that there is good agreement, i.e., the characteristic gaps decrease for the eigenfrequencies and increase for the quality factors with mode number. Furthermore, the results indicate that the characteristic gap does not solely depend on the mode number n, but also the length of the cantilever. Therefore, the squeeze film damping is most likely characterized by (i) the frequency (Reynolds number) and (ii) beam wavelength,
represented by a normalized mode number that depends on the vibrational mode as well as the length of the cantilever [3] . 
